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. WILLIAM F. BROOKS, JR. The Enterobacteriaceae: A Preliminary Study 
of New Methods of Identification: Rapid Biochemi~al Testing 
and Salt Tolerance. (Under the direction of NORMAN L. 
GOOD~1AN, PH. D • ) 
Commercially available reagent-impregnated paper strip tests 
and tablet substrate tests were evaluated in comparison to the standard 
biochemical tests using representative members of the Enterobacter-
iaceae. For the most part, these tests were found to be unreliable or 
difficult to interpret. Standard media for key biochemical tests were 
then modified and a new inoculation procedure developed to allow for 
test results after four hours incubation. Representative members of 
the Enterobacteriaceae were tested using the modified standard media 
'- . 
and, where a given test was critical for the differentiation of the 
organisms, the rapid test results were in complete agreement with the 
control test results. The same Enterobacteriaceae were tested to 
determine their ability to tolerate varying concentrations of sodium 
chloride. The pathogenic species were more sensitive to this salt 
than were the common saprophytes. The former were inhibited at con-
centrations exceeding four per cent while the latter tolerated six to 
eight per cent sodium chloride. 
The author wishes to express his gratitude to his parents, 
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The sooner a physician is aware of the identity of a disease 
of bacterial etiology and the identity of the organism, the sooner he 
can initiate proper chemotherapy. This;s especially true in regard to 
the species of the Family Enterobacte~iaceae where extensive and time 
consuming identification procedures must be performed. Although thor-
ough identification patterns have been established for the differenti-
ation of these organisms, there is continuing investigation of test 
procedures to obtain results accurately and rapidly. To this end, this 
research will consider two avenues of approach: first, reduction of 
the time necessary for the routine biochemical testing without increas-
ing the complexity of the test system; and second, investigatio~ of 
sodium- chloride tolerance for the differentiation of the Enterobacter-
iaceae. 
The Enterobacteriaceae includes those bacterial species which 
, ' 
are straight rods, either non-motile or motile by means of peritrichous 
flagella. When gram stained, all exhibit a gram-negative reaction, and 
all species attack glucose producing gas and/or acid (Breed, et al.; 
1957). Most of the species have as their natural habitat the intes-
tinal tract of man and animals. However, a number of the Enterobacter-
iaceae are considered to be pathogenic to man. These include the sal-
monel,lae 'Ilhich cause various types of gastrointestinal diseases such as 
typhoid fever and gastroenteritis, and the shigellae which cause bacil-
2 
lary dysentery. Many of the saprophytes ha.ve been implicated in dis-
ease processes, such as infantile diarrhea caused by certain strains of 
Escherichia coli; urinary tract infections caused by Proteus species, 
~. coli, and others; pneumonia caused by Klebsiella; and gastro-
enteritis caused by ingestion of food contaminated with organisms of 
the Arizona group (Morgan, 1965). 
Because of the clinical importance of the Enterobacteriaceae 
as etiological agents of a wide variety of diseases~ identification of 
these organisms is of major importance. Edwards and Ewing (1962) " 
tested and developed an extensive identification schema for the Entero-
bacteriaceae~ which was based upon biochemical and serological methods. 
Also working with biochemical methods and extensive serological typing 
procedures~ Kauffmann (1966) developed an antigenic schema for the dif-
ferentiation of the Enterobacteriaceae. 
The biochemical methods of Edwards and Ewing are too exten-
sive for routine use in a hospital diagnostic laboratory, and, as a 
result~ abbreviated and modified versions of the Edwards and Ewing 
schema have been adopted by most laboratories. One such identifi-
cation outline was proposed by Edwards and Ewing (1962), and another 
illustrated by Bailey and Scott (1966). Media supply companies have 
also shortened and modified the extensive procedures based upon the 
abilities of their respective products (Warner~Chilcott Laboratories, 
196~; Diagnostic Research, 1968; Key Scientific Products Company, 1968). 
Even with an abbreviated series of biochemical test patterns, 
differentiation of the Enterobacteriaceae i"s a time consuming project. 
In the bacteriological examination of feces, the specimen is inoculated 
for lsolation onto one or more plating media, such as Eos;n Methylene 
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Blue (E~1B·) Agar~ Salmonella-Shigella (55) Agar, MacConkeys (MAC) Agar, 
or Bismuth Sulfite Agar (BioQuest~ 1968). These media are streaked for 
isolation to obtain clones as the source of inoculum for the required 
identification procedures. If an enrichment medium is first inoculated, 
sixteen to eighteen hours incubation are required in addition to the 
original eighteen to tvlenty-four hours (Shaffer, 1962a). Once isolated 
colonies have been obtained, the potential pathogens are inoculated to 
either Triple Sugar Iron (TSI) Agar or Kligler Iron Agar (KIA). On the 
basis of the KIA (or TSI) reaction, the members of the Enterobacter-
iaceae can be divided into several groups depending upon their ability 
to metabolize the various carbohydrates, produce gas, and produce H2S. 
At this point in the identification process, two to three 
days have passed, and, for complete identification of each isolate, 
biochemical tests must still be performed. The most commonly employed 
test media are carbohydrate broths: glucose, lactose, sucrose, dul-
citol, and mannitol; buffered glucose broth for the methyl red and 
Voges~Proskauer tests (MR-VP); citrate; urea; lysine; ornithine; and 
phenyl.alanine. In additions the cytochrome oxidas.e test is frequently 
'. 
used. 
The ability to ferment various ,carbohydrates is an important 
part of biochemical testing. The two most 'frequently used sugars are' 
glucose and lactose. An inverted Durham tube is usually placed in the 
glucose fermentation'tube to trap any gas produced (Department of the 
ArmY, 1963). None of the shigellae produces gas, with the exception 
of Shigella flexneri, type 6. All Enterobacteriaceae ferment glucose, 
and the major pathogens fail to ferment lactose in twenty-four hours. 
A.lthough these two carbohydrates are in the KIA, this method of testing 
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serves to-confirm the KIA results which may be questionable at times. 
Motility and indole production, as well as H2S production, 
can be determined after twenty-four hours incubation at 37° C by means 
of SIM medium (BioQuest, 1968). According to Edwards and Ewing (1962), 
Shigella species are non-motile, and Salmonella species do not produce 
indole. Indole production and motility also aid in the differentiation 
of- the coliform organisms: Escherichia coli, Klebsiella, and Entero-
bacter. Escherichia is indole positive while Klebsiella and Entero-
bacter are negative; Klebsiella is non-motile while Enterobacter is 
motile. 
The methyl red test (MR) determines the ability .of an organism 
to produce stable acid end products from the metabolism of glucose in 
a buffered peptone glucose broth. The Voges-Proskauer test (VP) uses 
the same medium as the MR test but uses a different indicator system to 
determine the production of acetomethylcarbinoJ. For the most part, a 
member of the Enterobacteriaceae which is positive for one of these two 
tests ~ill be negative for the other. Hence, if MR or VP testing other 
than the standard method is used, it would general.1y be necessary to 
perform only one or the other. 
Growth on the Simmons Citrate Agar slant is indicative of the 
ability of an organism to utilize ammonium salts as the sale source of 
nitrogen with citrate as the sole source of carbon (Difco, 1953). This 
test is usually used for the differentiation of the coliforms and of the 
species of Proteus. 
Urease test medium is used to identify Proteus species, since 
this genus is the only one of the lactose negative Enterobacteriaceae 
capable of rapidly splitting urea. Routine testing utilizes either 
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Christen~en Urea Agar (Edwards and Ewing, 19$2) or urea broth as devel-
oped by Stuart~ Van Stratum, and Rustigian (1945). The urease test 
medium may be inoculated either at the same time as the KIA (Shaffer, 
1962b) or after reading the KIA, at the same time as the other biochem-
ical tests are inoculated (Bailey and Scott, 1966). The urease test is 
an important diagnostic tool in the identification of Proteus. 
Testing for the enzyme lysine decarboxylase can give valuable 
information in the identification of Salmonella and Shigella. In the 
procedure described by Falkow (1958), test cultures of Salmonella gave 
positive reactions in twenty-four hours, while Proteus which can be 
confused with the salmonellae gave negative reactions. All species of 
Shigella tested gave negative reactions, while most shigella-like 
organisms gav~ positive results. 
Ornithine decarboxylase activity can be tested routinely by 
using the same broth as is used in the lysine decarboxylase test, sub-
stitut'ing ornithine for the lysine. Testing for this enzyme aids in 
the speciation of Proteus, and, when used in conjunction with motility 
testing, ,gives a high degree of accuracy in the differentiation of 
Klebsiella and Enterobacter. 
Phenylalanine deaminase is produced in significant quantities 
only by members of the Proteus-Providence group. Testing for this 
enzyme is necessary for eliminating this group from consideration, 
since it resembles Salmonella and Shigella in colonial morphology on 
plating media and in KIA reaction. 
Testing for the elaboration of cytochrome oxidase allows for 
the identification of Pseudomonas, Alcaligenes, and related organisms. 
This 'test is not used to differentiate the species of the Enterobac-
6 
teriaceae~ The pseudomonads are gram-negative bacilli frequently found 
in specimens which may also contain Enterobacteriaceae. When cultured 
on plating medias these genera resemble the non-lactose fermenting 
Enterobacteriaceae. The latter do not produce the enzyme cytochrome 
oxidase while the pseudomonads generally do (Kovacs s 1956; Gaby, 1952). 
Serological typing procedures may be performed using bacteria 
taken from the KIA or TSI slant. Such testing can readily identify the 
pathogenic organisms: Salmonella species, Shigella species, and the 
enteropathogenic Escherichia coli. There are, however, extensive anti-
genic relationships among the members of the Enterobacteriaceae which 
can result in cross reactions by non-pathogenic species w;·th the 
specific antisera to the pathogens (Edwards and Ewing, 1962; Kauffmann, 
1966). 
Although limited serological typing can be done in a matter 
of minutes, biochemical testing requires significantly longer times. 
Edwards and Ewing (1962) recommend the following incubation times for 
the bi~chemical tests previously discussed: Carbohydrate Fermentation--
if negative after twenty-four hours, incubate for four to five days 
examining daily; Indole--forty-eight hours; MR--forty-eight hours and 
if results are doubtful use a four to five day culture; VP--forty-eight 
hours; Motility--one to two days; Lysine and Ornithine Decarboxylase--
one to two days and if negative, up to four days; Phenylalanine Deam-
inase--eighteen to twenty-four hours. 
Because of the lengthy standard procedures involved in the 
identification of the Enterobacteriaceae and the advantages of early 
'identifica~ion, many investigators have worked to develop and test 
rapid methods for differentiation of the Enterobacteriaceae. Barry and 
7 
Feeney (1967) tested two rapid Voges-Proskauer tests. Using the 
standard VP test as a control, one test was performed on growth taken 
directly from a twenty-four hour MacConkeys agar culture. Results were 
obtained in fifteen minutes. The second rapid method used a small 
volume of MR-VP broth inoculated and incubated for four to six hours. 
Positive results were obtained within fifteen minutes after" adding the 
test reagents. Although both tests demonstrated a reasonable degree of 
correlation with the controls, there was an increased probability of 
false negative reactions. 
Barry, Bernsohn, and Thrupp (1969) applied a rapid urease 
test to differentiate Klebsiella and Enterobacter. By standard testing, 
these organisms may show a positive reaction in one to four days. By 
increasing the urea concentration and decreasing the buffer concen-
tration of the standard urea broth, positive results were obtained only 
for Klebsiella. Incubation time was four to six hours. 
Testing for phenylalanine deaminase for identification of the 
Proteus-Provigenc~ group has also been modified to allow for rapid 
results. Golden and Glenn (1962) described a one ·to two hour test for 
\ 
the detection of phenylalanine deaminase activity. In 1950~ Henrikson 
reported a thirty minute test using- ferric ammonium sulfate as the 
indicator. Singer and Volcani (1954) described another modification of 
the phenylalanine deaminase test using ferric chloride as the indi-
cator. They also found that the members of the Proteus-Providence 
group could deaminate tryptophan. Both of these tests gave positive 
results in thirty minutes. The ability to' produce indolepyruvic acid 
from tryptophan is the basis of a four hour test using the substrate in 
tablet form, prepared by the Key Scientific Products Company (1968). 
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Hill and associates (1962) modified the phenylalanine test to allow for 
results in ten minutes. In 1966 s King performed comparison testing 
using six different methods for the determination of phenylalanine 
deaminase production. These six methods varied in time from ten minutes 
to twenty-four hours. 
As mentioned previously, testing for lysine decarboxylase pro-
duction is important in the identification of Salmonell~ and Shigella. 
A semi-micro test for this enzyme, developed by Gerlach, et al. (1967), 
may give results as early as six hours. This method requires previous 
culturing of the bacteria on an agar slant supplemented with lysine. 
Tests were read at six and at twenty-four hours. A laboratory having a 
single eight hour shift would have difficulty performing this test and 
probably would not save any time over the conventional method. 
Johnson and Skelton (1967), using the paper strip method of 
enzyme testing reported by Ga"ndelman and Mann "(1965)~ reported that the 
incubation temperature affected the production of lysine decarboxylase. 
Their .testing showed a higher percentage of positive strip tests when 
incubation was accomplished at 25° C rather than at 37° C. These same 
researchers also determined that the cytochrome oxidase test is signif-
icantly affected by 'incubation temperature though to a lesser degree 
than the lysine decarboxylase test. 
"In addition to these individually devised rapid tests, 
several companies have developed rapid test systems for the identifi-
cation of the Enterobacteriaceae. 
Diagnostic Research (1968) developed a two tube multi-reagent 
system. These prepared media are inoculated. directly from an isolation 
plating medium and in eighteen to twenty-four hours give results on 
eight biochemical tests. The first tube tests for phenylalanine deam-
inase, glucose and lactose fermentation, H2S production, and lysine 
decarboxylase. The second tube tests for ornithine decarboxylase, 
motility, and indole production. On the basis of this test system, 
and the abbreviated schema provided, the majority of the clinically 
isolated Enterobacteriacea"e can be identif·ied within two days. 
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Key Scientific Products Company (1968) has prepared many of 
the biochemical test substrates in tablet form. Most of these tablets, 
when dissolved as directed~ and inoculated with a heavy inoculum, will 
give results in less than six hours. 
The General Diagnostics Division of Warner-Chilcott Labora-
; 
tories (1968) has developed a test system utilizing reagent-impre9nated 
paper strips fo)~ the following tests: urease, cytochrome oxidase, 
phenylalanine deaminase, lysine decarboxylase, indole, citrate, and 
Voges-Proskauer. These are commercially available under the nam~ 
PathoTec™. The .cytochrome oxidase test, PathoTec-CO, is inoculated by 
rubbing a heavy loopful of organisms into the reagent zone. Positive 
reactions occur in thirty seconds. Phenylalanine deaminase activity ;s 
tested for using the PathoTec-PD strip, which is inoculated in the same 
manner as the PathoTec-CO. Results" are obtained in five to ten minutes. 
The urease test, PathoTec-U, is inoculated by placing the impregnated 
zone containing the urea into a 0.2 ml saline suspension of a 3.0 mm 
loopfu1 of organisms. Results are obtained after two hours incubation. 
The PathoTec-LD, lysine decarboxylase, is inoculated by placing the 
strip, reagent zone down, in a 0.4 ml sali~e suspension of Qrganisms, 
prepared as in the urease test. Incubation is for three to six hours. 
The indole test, PathoTec-I, requires that the inoculum be obtained 
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from a meoium containing adequate amounts of tryptophan and minimal 
amounts of carbohydrate. Gandelman and Mann (1965) found the PathoTec-
CO, -PD, -LO, and -U to have almost perfect correlation with the con- . 
ventional biochemical test reactions for the organisms tested, except 
in those cases where colony pigmentation and/or H2S production on the 
TSI slant gave questionable results. Klebsiella was not used in this 
test procedure; hence, the urease activity of this genus was not 
reported. In a later testing of the PathoTec-I by Mann and Gandelman 
(1965), the only significant discrepancy noted was in the case of 
Proteus rettgeri, where conventional methods yielded positive results 
for all thirteen strains tested while the PathoTec-I gave .only seven 
positive reactions. This difference was attributed to the reduced 
ability of Proteus rettgeri to produce indole on certain media. In a 
similar study on the PathoTec Reagent System, including the then being 
developed citrate.test, PathoTec-C, and the Voges-Proskauer test, 
PathoTec-VP, Weaver, et al. (1968) found similar correlation for the 
cytochrome oxidase test. In the urease tests similar results were 
found fer all species of Proteus; however, eight of the nine strains of 
Klebsiella tested also gave positive urease reactions. Testing for 
phenylalanine deanlina£e activity, the only positives encountered by 
Weaver were members of the' Proteus-Providence. group. Two cultures of 
Proteus morganii fa1led to give positive results even when incubation 
was prolonged. There were ei'ghteen erroneous reactions noted for the 
100 tests performed using the lysine strip test. The indole test, 
PathoTec-I, gave complete agreement with conventional methods when the 
inoculum was taken from a TSA slant; however, there were numerous false 
negative reactions when TSI was used as the source of inoculum (Weaver, 
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et a1., 1-968). This confirms the manufacturer1s recommendation con-
cerning the indole test. The citrate test~ PathoTec-C, was inoculated 
in the same manner as the PathoTec-U. After four hours incubation, the 
tube was tilted to wet the indicator zone. A positive test is denoted 
by a color change on the indicator zone within thirty minutes. Organisms 
grown on TSA gave a significant number of equivocal or false negative 
reactions, and several strains of Escherichia coli gave weakly positive 
reactions although on conventional medium they were negative. With the 
lSI as a source of inoculum for the PathoTec-VP test, all results were 
in agreement with the standard test results except for some false 
positives among the species of Proteus. Since the VP reactions for the 
Proteus-Providence group are negative or variable, the VP test is not 
essential for· the identification of these organisms. 
Prevorsek, Kronish, a"nd Schwartz (1968) developed an identi-
fication schema for the Enter6bacteriaceae based on the PathoTec Reagent 
Systems, and, in "their comparison studies of these tests to conventional 
tests,. were able to correctly identify 95 per cent of the eighty-five 
strains tested. Some discrepancies were noted in the phenylalanirie 
" 
deaminase test, the citrate test, and the lysine decarboxylase test. 
However, with the other data available, these discrepancies did not seem 
to hinder their identification of the test organisms. Results were 
obtained six hour's after TSI and motility data were available. 
One method of bacteriological identification is salt tolerance 
testing. Flannery (1956) stated that bacteria can be roughly grouped 
according to sodium chloride tolerance as ~ither halophiles or nonhalo-
philes, the former growing "best at a sodium chloride concentration 
greater than two per cent, and the latter gro\'/ing best at two per cent 
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sodium chloride or less. 
Although this method has not been studied to any great degree 
-
in the identification of the Enterobacteriaceae, it has been employed 
successfully in the identification of other organisms. F. Koch (1942) 
discovered that members of the genus Staphylococcus are usually the 
only gram-positive bacteria capable of growing on medium containing 7.5 
per cent sodium chloride. Chapman (1945) added 7.5 per cent sodium 
chloride to mannitol agar obtaining a medium highly selective for the 
staphylococci and capable of differentiating the species on the basis 
of mannitol utilization. Collins (1967) recommends the Mannitol-Salt 
Medium of Chapman and other variations of mannitol salt agar for use 
with those specimens which may contain staphylococci. Breed (1957) 
points out th~t Staphylococcus species can tolerate up to 10 per cent 
sodium chloride. 
Salt tolerance testing is also used in the identification of 
the streptococci. The Enterococcus group of streptococci, Lancefie1d 
group 0, is the only group of the streptococci capable of growing in 
6.5 per ~ent sodium chloride broth. Papavassiliou (1967), in further 
investigation of this salt tolerance indicated by Breed~ demonstrated 
that Streptococcus b~vis, a member of Lancefield group D,. can be iden-
, 
tified by its lack of ability to grow in6.5 per cent sodium chloride 
broth while the re~aining species of the enterococci will tolerate this 
salt concentration. 
Twedt, Spaulding, and Hall (1969) applied salt tolerance 
testjng to the classification of Vibrio parahemo1yticus, a gram-
negative organism now being implicated as the etiological agent of 
gastroenteritis in Japan. All strains tested demonstrated the ability 
to to1era~e up to 7.0 per cent sodium chloride. 
Salt tolerance of several members of the Enterobacteriaceae 
was evaluated by Hill and White (1929) to determine whether or not a 
medium with sodium chloride added could be used to isolate staphylo-
cocci in mixed infections with Enterobacteriaceae. The staphylococci 
were found to grow without any apparent inhibition at eight' per cent 
sodium chloride or greater, while those Enterobacteriaceae tested 
13 
failed to grow at that level of salt. Only a few species of the Entero-
bacteriaceae were tested. Working with strains of Proteus mirabilis 
and Proteu~ vulgaris, Kopper (1962) determined that increased sodium 
chloride content in peptone agar, three or four per cent,will no-
ticeably decrease the swarming tendency of Proteus. These studies of 
the salt tolerance exhibited by the Enterobacteriaceae were qualitative 
only. 
For a quantitative analysis of the effect of sodium chloride 
concentration on bacterial gt'owth, viability counts should be performed 
or viability at various dilutions should be determined. A rapid method 
of viability counting, or colony counting~ was rep~rted by Lorrier and 
Valkenburg (1969) in which a single drop of each dilution is put on an 
agar plate using a sterile non-calibrated capillary pipette. Growth is 
then compared to photographs ~ade of known'counts previously performed 
in an identical manner. Viability counting for bacteriological examin-
ation of milk utilizes measured amounts of serial dilutions cultured by 
the agar pour plate method (A.P.H.A., 1957). 
This research was undertaken to develop accurate four hour 
tests for several key differential biochemical tests which would form 
the basis of a rapid test system for the identifica~ion of the Entero-
14 
b~cteriaceae. 
The sodium chloride tolerance of the Enterobacteriaceae was 
also investigated to determine whether this method of testing could be 
incorporated into the differential test system for these bacteria. 
\ 
CHAPTER II 
INITIAL EVALUATION: STANDARD AND RAPID TESTING 
Materials and Methods 
Before attempting to devise an entirely new rapid test system, 
an initial evaluation was performed to determine which commercially 
available rapid tests were unreliable or difficult to interpret. As a 
result of this testing, it would be known which rapid biochemical tests 
had to be devised. Also, on the basis of the standard control tests, 
typical isolates could be obtained to evaluate the new rapid test system 
and the salt tolerance testing. 
The following organisms were tested and, unless otherwise 
noted, one strain of each was used: Escherichia coli (two strains), 
Klebsiella species, Enterobacter A, Enterobacter B, Citrobacter group 
(two strains), Arizona group, Salmonella paratyphi A, Salmonella typhi, 
Salmonella paratyphi B, Shigella species (one strain for each of the 
four species), Proteus species (one strain for each of the four species), 
Providence group, Alkalescens-Dispar group, Pseudomonas (two strains)" 
Alcaligenes, Mima~ and Serratia (one pigmented strain and one non-
pigmented strain). 
To determine the standard biochemical test reactions, fifteen 
media were used to perform eighteen tests. Kligler Iron Agar (BBL); 
Triple Sugar Iron Agar (BBL); Dextrose (Difco) in Purple Broth Base 
(BBL) with an inverted Durham tube ,for the indication of gas pro-
duction; Lactose (Difco), Sucrose (Fisher), Mannitol (Difco), and 
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Dulcitol .(Difco), all in Purple Broth Base; Tryptone (Difeo) in broth 
for th~ indole test; SIM (BBL) to test for H2S production, indole pro-
- . 
duction, and motility; M.R.-V.P. Medium (BBL) for the methyl red and 
Voges-Proskauer tests; Simmons Citrate Agar (BBL); Lysine Decarboxylase 
Broth (Difeo); and Phenylalanine Agar (Difco) were all prepared 
according to the directions of the respective manufacturers". They were 
dispensed in four ml volumes into l3xlOO mm test tubes. The Urea Agar 
of Christensen was prepared using Urea Agar Base (BBL) and Granulated 
Agar (BBl). Mot i 1 i ty tes t medi um ",as prepared by suspendi ng ten grams 
of Tryptone, fi ve grams of Sodi urn Ch 1 ori de (f\1a 11 i nckrodt), and four 
grams of Granulated Agar in one liter of distilled water. The materials 
were then heated to boiling until all components had dissolved, dis-
pensed in thr~e ml volumes into 13xlOO mm tubes, and autoclaved at 
121 0 C, fifteen pounds pressure for fifteen minutes. 
The rapid tests employed were six te~ts utilizing reagent-
impregnated paper strips from the PathoTec Reagent Systems (General 
Diagnostics Division Warner-Chilcott Laboratories): PathoTec-VP, Voges-
.Proskaue~; PathoTec-C, citrate; PathoTec-PD, phenyJalanine deaminase; 
PathoTec-CQ, cytochrome oxidase; PathoTec-U, urease; and PathoTec-LD, 
lysine decarboxylase. Two rapid tests using substrates in tablet form 
(Key Scientific Products Company) were also evaluated: IPA (indole-
pyruvic acid) and Indole. 
P-dimethylaminobenzaldehyde (Key Scientific Products Company) 
for preparing the Kovacs reagent, the indicator for the indole test, was. 
obtained in tablet form and prepared according to ~he·manufacturer's 
directions. A ten per cent Ferric Chloride (Mal1inckrodtJ solution in 
fifty per cent Hydrochloric Acid (Mallinckrodt) was prepared as the 
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indicato~ for the IPA test, and a teri per cent ferric chloride solution 
in water was prepared as the indicator for the standard phenylalanine 
deaminase test. The reagents for the MR and VP tests were prepared 
according to the directions in the Army Technical Manual TM 8-227-5 
(Department of the Army, 1963). 
To maintain the test organisms, TSI slants, containing seven 
ml of medium per l6x125 mm tube~ were used. For obtaining isolated 
colonies from which to inoculate the standard tests, MacConkeys Agar 
(Difco) plates were prepared. Tryptic Soy Agar (Difco) slants were 
used to provide large amounts of growth for the inoculation of the 
rapi d tes ts . 
Stock cultures, identified by number only, were streaked on 
MAC for isolation and incubated for eighteen to twenty-four hours at 
37 0 e. l From each plate two isolated colonies were picked and each was 
inoculated to a TSI slant in a l6x125 mm tube. These slant cultures 
were then used alternately as the source of test inoculum. Multiple 
isolat~s of each stock culture were randomly assigned test culture 
-numbers as a means of identification. To obtain each of the test 
culture isolates, a MAC plate was streaked with bacteria obtained from 
the appropriate TSI slant. From the ~~C agar plate, one isolated 
colony was picked and inoculated to a KIA (in a l3xlOO mm tube) and to 
a- TSA slant (in a l6x125 mm tube). Lactose utilization on the MAC 
plate was recorded. The next day, the KIA reaction was recorded. Using 
-a sterile inoculating needle, a visible amount of growth was removed 
from-the KIA slant and was inoculated to a -TSI (in a l3xlOO mm tube) and 
lUnless otherwise stated, all incubations were at 37° C for 
eighteen to twenty-four hours. 
to the series of standard biochemical tests listed previously_ While 
the standard tests were incubating, the rapid tests were performed. 
The rapid tests were done prior to the reading of the standard tests 
to preclude the possibility of having knowledge of the standard test 
results influence the interpretation of the rapid tests. 
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A heavy loopful of organisms was taken from the TSA slant and 
was rubbed into the reagent zone on the PathoTec-PD test strip and the 
PathoTec-CO test strip. The former test was checked for reaction after 
ten minutes and the latter after thirty seconds. Results were recorded. 
The IPA and indole rapid tests use the same substrate tablet. Two tubes 
were prepared for these tests by dissolving one tablet each in one ml of 
distilled water, and each tube was heavily inoculated with organism from 
the TSA slant~ The tubes were incubated respectively for four hours and 
two hours. After two hours, 0.1 ml of Kovacs reagent was added to one 
tube to test for indole production and results recorded. After four 
hours incubation, three drops of ten per cent ferric chloride in fifty 
per ce~t hydrochloric acid were added to the remaining tube to determine 
indolepyruvic acid production. For the remaining pathoTec tests, the 
manufacturer's directions state to dispense the indicated amounts of 
saline into test tubes and then make a heavy suspension of organisms in 
each tube. To simp')ify this procedure, the inoculum for this study was 
prepared by adding two ml of saline to the growth remaining on the TSA 
slant. The suspension so prepared was dispensed in volumes according 
to the manufacturer's directions for each test; PathoTec-VP and -C, 
0.3 ml; PathoTec-U, 0.2 ml; and for the PathoTec-LD~ 0.4 ml. After two 
hours incubation, the urease tests were read and the results recorded. 
After four hours incubation, the lysine deaminase test results were 
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recorded .. Also after four hours, two drops of forty per cent potassium 
hydroxide were added to the suspension in the PathoTec-VP tube. The 
tube was shaken to mix the reagent and then was tipped to wet the rea-
gent zone on the paper strip. The PathoTec-C tube was tipped at the 
same time to wet the reagent zone. After fifteen minutes the results 
of these two tests were noted and recorded. All rapid tests were incu-
bated in a 37° C water bath. Sterile tubes were not required for these 
rapid tests (Warner'-Chi1cott Laboratories, 1968; Key Scientific Pro-
ducts Company, 1968). 
The next day, the standard biochemical tests for the same 
organisms were checked and results were recorded. The MR-VP test broth 
was i ncuba ted for an addi ti ana 1 t"Jenty-four hours before res ul ts "Jere 
interpreted .. All negati~e motility tests were incubated for an addi-
tional t\tJenty-four hours before recording the resul ts. 
After all isolates had been tested and results recorded, the 
100 test isolate~ were grouped according to the stock culture number 
(e.g.,. the test cultures numbered four, thirty-five~ sixty-tv/o, -and 
ni nety-three \-Jere a 11 stock cul ture number four). _ Us i ng the stock cul-
ture numbers, all stock culture names were entered (e.g., stock culture 
number four' was the aerogenic strain of Escherichia coii). Reactions 
for the rapid tests were compared to their respective standard tests 
and the variations noted. The significance of the false positive and 
false negative reactions is discussed iri Chapter V. 
Since these stock cultures were to be used for additional 
studies, .isolates exhibi~ing typical reacti'ons v.Jere sent to the Bureau 
of Laboratory Services and Research, South Carolina State Board of 
Health, identified by number only, where the recorded identities were 
confirmed. 
Results 
The results for the standard biochemical tests are recorded 
in Table 1. The motility and indole reactions with SIt1, and the KIA 
and TSI reactions are not included since they represent duplicate 
testing. The same information is made available by other tests for 
which the results are recorded. The production of H2S in SIM medium 
agreed with the KIA and TSl results for that test; indole production 
and motility in SIM were the same as that observed with the tryptone 
broth and motility medium respectively. Carbohydrate fermentation in 
the KIA. and TSI was consistent with the results obtained using the 
c~rbohydrate broths: dextrose, lactose, and sucrose. 
20 
A few minor inconsistencies were noted for the standard bio-
chemical tests. These variations are generally in agreement with the 
known variations noted by Edwards and Ewing (1962). 
- Several genera not belonging to the Enterobacteriaceae were 
included in this study to determine the effectiveness of the PathoTec-
CO test strip. A control test was not performed; however, only those 
organisms known to give a positive cytochrome oxidase test, Pseudo-
monas and Alcal-igenes, did give positive results. There were no false 
negative reactions observed~ 
The same isolates tested by standard methods were also tested 
using the reagent-impregnated strips and tablet substrates. Results of 
the paper strip tests, inoculated in the manner previously described, 
are reported in Table 2 for the Enterobacteriaceae and in Table 3 for 
the non-fermenting gram-negative bacilli. Standard test results are 
also listed for comparison. One false positive VP test was noted with 
TABLE 1 
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Escherichia coli {aerogenic} a 4a 4 4 4 0 4 4 4 0 0 0 3 
Escherichia coli (anaerogenic) 0 4 4 4 4 4 4 4 4 0 0 0 4 
Alkalescens-Dispar 0 4 a 4 4 4 4 0 4 0 0 0 4 
Klebsiella Ob 3a 3 3 3 0 0 0 0 3 3 0 3 
Enterobacter A a 4a 0 4 4 4 a 4 0 3 4 a 4 
Enterobacter B a 4a 4 4 4 0 0 4 0 4 4 a 4 
Citrobacter (lactose positive) 4 4a 4 4 4 0 a 4 4 0 4 0 0 
·Citrobacter (lactose negative) 4 4a 0 0 4 4 0 4 4 0 4 0 1 
Arizona 4 4a 0 0 3 a 0 4 4 , 4 a 4 I 
Salmonella paratyphi A 0 4 0 0 4 0 0 0 4 0 0 0 '1 
Salmonella typhi 3b 3 0 3 3 a 0 3 3 0 a 0 3 
Salmonella paratyphi B 4 4a 0 0 4 4~ 0 3 4 0 4 0 4 
NOTE: Unless noted otherwise, results for four isolates of each organism are reported. 
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Shigella flexneri 0 3 0 0 0 0 0 0 4 0 0 0 1 0 
Shigella boydii 0 3 0 0 0 0 0 0 4 1 0 0 0 0 
Shigella dysenteriae 0 3 0 2 0 0 4 0 4 0 0 0 0 a 
Shigella sonne; 0 4 0 4 4 0 0 0 4 0 0 0 0 0 
Proteus morganii o· 4 a 0 0 0 4 3 4 0 0 3 0 4 
Proteus rettgeri 0 4 0 4 0 0 4 4 4 0 4 4 0 4 
Proteus vulgaris lb la a 1 0 0 1 1 1 0 0 1 0 1 
Proteus mirabilis 7b 7a 0 ,0 0 0 a 7 7 3 7 7 0 7 
Pseudomonas Ob 0 0 a 0 0 0 8 0 0 8 0 8 0 
Providence 0 4 0 0 0 0 4 4 4 0 4 0 0 4 
Serratia Ob 2 0 2 2 0 0 2 0 2 2 0 2 0 
Mirna Ob 0 0 0 0 0 0 0 0 0 1 0 1 0 
aThese positive dextrose tests were also positive for gas production. 
bIsolates of these organisms used are as follows: Klebsiella--3; Salmonella 




STANDARD BIOCHEMICAL TESTS VS. PATHOTEC 
VP Citrate Urease LD PO 
S P .S P S P S P S P 
Escherichia coli (aerogenic) 0. 0. 0. 4 0 1 3 1 a 0 
Escherichia coli (anaerogenic) a 0. a 3 0 0 4 a a 0. 
Klebsiella 3 3 3 3 0 3 3 0 a 0 
Enterobacter A 3 4 4 4 0 a 4 1 0 0. 
Enterobacter B 4 4 4 4 0 0 4 4 0 a 
Alkalescens-Dispar a a a 3 0. 0 4 4 0. 0 
Citrobacter (lactose positive) 0 0. 4 4 0 4 a 0 0 0 
Citrobacter (lactose negative) 0 , 4 4 0 a 1 3 0 a 
Arizona , 1 4 4 0 0 4 3 a a 
Salmonella paratyphiA 0. 0 0. 1 0. 0 1 3 0 a 
Salmonella typhi 0 0. 0 2 0 a 3 3 a a 
Salmonella paratyphi B 0. 0. 4 4 a a 4 4 a 0 
Shigella flexneri 0. 0 0. 1 0 0 1 1 0 0 
Shigella boydii 1 1 0. 1 0 0 0. 1 0 0 
Shigella dysenteriae a 0 0 1 0. 0 a 3 0. 0 
Shigella sonnei O· 0. 0. 1 0 a 0 1 a 0. 
Proteus morgani; 0. 0 0. 0. 3 4 0 0 4 3 
Proteus rettgeri a 0 4 4 4 3 0 0 4 0 
Proteus vulgaris 0 0 0 1 1 1 0 a 1 1 
Proteus m;rabilis 3 3 7 7 ·7 5 3 1 7 6 
Providence 0 0 4 4 0 1 0 a 4 4 
Serratia 2 2 2 2 a 0 2 2 -0 a 
NOTES: Results are reported as the number of positive reactions observed; the 
number of isolates tested is the same as in Table 1; S--standard test; P--PathoTec; 
VP--VogesProskauer; lD--lysine decarboxylase; PD--phenylalanine deaminase. N 
W 
TABLE 3 
STANDARD BIOCHEMICAL TESTS VS. PATHOTEC: FOR NON-FERMENTING ORGANISMS 
VP Citrate Urease LD PD 
S P S P S P S P S P 
Pseudomonas. (strain 1) 0 0 4 4 0 0 4 1 0 2 
Pseudomonas (strain 2) 0 0 4 4 0 0 4 2 0 1 
Alcaligenes 0 0 4 4 0 0 4 4 0 0 
Mirna 0 0 1 a 0 0 1 1 C 0 
NOTES: Results are reported as the number of positive reactions observed; 
the test abbreviations are the same as in Table 2; one isolate of Mirna WdS 




the rapid. strip test. For the citrate and urease tests, numerous dis-
crepan~ies were observed with the reagent-impregnated strip tests. 
-
Discrepancies were also noted in testing for lysine decarboxylase acti-
vity and phenylalanine deaminase activity by means of the strip tests. 
Numerous isolates of Escherichia coli, Klebsiella, Enterobacter, and 
" 
Citrobacter gave false negative lysine decarboxylase reactions when 
tested by the paper strip method. These results are consistent with 
the manufacturer's description since an organism must be both lactose 
negative and lysine positive to give a positive strip test. All iso-
lates of Proteus rettgeri gave false negative phenylalanine deaminase 
reactions wit:1 paper strip testing. For the non-fennenting gram-
negative bacilli (Table 3)~ discrepancies were noted between the stan-
dard and pape~ strip tests for lysine decarboxylase and phenylalanine 
deaminase activity. 
The results of the tablet substrate ~apid tests with the 
standard test results for comparison are listed in Table 4. The indole-
pyruvic acid (IPA) tablet test, which is comparable to the phenylalanine 
deaminase test, gave very few false positive reactions and no false 
\ 
negative reactions for the isolates tested. Indole test results with 
the tablet test were in complete agreement with the standard test 
results. 
Those isolates tested which gave typical reactions were 
transferred to TSA slants to be used for the rapid test system evalu-
ated in the next chapter and fot the salt tolerance testing. 
TABLE 4 
STANDARD BIOCHEMICAL TESTS VS. TABLET SUBSTRATE TESTS 
PO IPA Indole 
S T S T 
Escherichia coli (aerogenic) 0 0 4 4 
Escherichia coli (anaerogenic) 0 0 .4 4 
Eriterobacter B 0 1 a a 
Alkales~ens-Dispar a 2 4 4 
Salmonella typhi 0 0 0 0 
Shigella dysenteriae 0 0 4 4 
Proteus morgan; i 4 4 4 4 
Proteus rettgeri 4 4 4 '4 
Proteus vulgaris 1 1 1 1 
Proteus mirabilis 7 7 0 0 
Providence 4 4 4 4 
NOTES: The PD test (phenylalanine deaminase) and the IPA 
test (indolepyruvic acid) are comparable. Both are positive 
only for the Proteus-Providence group. Organisms tested but 




RAPID TESTS PREPARED FROM STANDARD MEDIA 
Materials and Methods 
New rapid tests had to be devised since many of the com-
mercial rapid tests gave results which were erroneous or equivocal. 
For this new rapid system, standard media and inoculation procedures 
were modified to allow for four hour results. Standard tests were again 
inoculated along with the rapid tests to serve as controls. For this 
..--
portion of the study, only members of the Enterobacteriaceae were 
tested. The organisms used are list~d in Table 5. 
The tests chosen for modification and evaluation are key 
reactions for the differentiation of the Enterobacteriaceae, as indi-
cated by Edwards and Ewing (1962). The tests performed were lysine 
decarboxylase, ornithine decarboxylase, urease, tryptophan and phenyl-
alanine deaminase, indole production, lactose and dextrose fermen-', 
tation, and motility. The Lysine Decarboxylase Broth (Difco) was pre-
pared using twenty-eight grams of the dehydrated base per liter instead 
of the indicated fourteen grams per liter. The ornithine decarboxylase 
broth was prepared in a similar manner using eighteen grams of Decar-
boxylase Medium Base (Difco) per liter instead of nine grams and twenty 
grams of dl-Ornithine Hel (Difco) per liter instead of ten grams. A 
two per cent soiution of Tryptophane Broth APHA (BBL) was prepared for 
the tryptophan deaminase and indole tests. A broth for rapid phenyl~ 
alanine deaminase testing was prepared by ~dding ten grams of Sodium 
TABLE 5 

























TTC (BBL)~ triphenyltetrazolium chloride, added prior to sterilization. 
This medium was dispensed in four ml quantities to 13xlOO mm test tubes, 
capped, and autoclaved. The standard biochemical test media, used as 
the control tests, were prepared as described in Chapter II. 
Using five isolates of each of the test cultures listed in 
Table 5, test isolates were randomly numbered from 1 to lOO~ As in the 
initial study, all results were recorded and correlated in association 
with the test isolate numbers before the actual identity of the test 
cultures was entered. The 100 test isolates were maintained on TSI 
sl ants. 
Each test isolate was then streaked on MAC. After twenty-
four hours incubation, an isolated colo~y was picked and inoculated to 
a TSl and a TSA slant. After incubation, standard biochemical test 
controls were inoculated using the growth on the TSI slant as the source 
of inoculum. The motility test medium for rapid testing was inoculated 
by stabbing to a depth of approximately one-quarter inch. For the 
remain~ng rapid tests, 0.5 ml of each medium was placed in a clean, but 
non-sterile, l3xlOO 'mm test tube. To each TSA slant six m1 of sterile 
distilled water was added, and the growth on the slant was suspended by 
scraping the slant with a one ml pipette. One-tenth ml of the sus-
pension was added to the urease, test broth of Rustigian and Stuart. 
Only 0.1 ml was added to prevent ov~rdilution of the medium. To the 
remaining rapid test broths, 0.5 m1 of the suspension was added. This 
resulted in a heavy inoculum with the components of the media reaching 
the recommended concentration since the fluid volume was doubled. Two 
tubes of ornithine decarboxylase broth were inoculated, and to one of 
the tubes an overlay of sterile melted paraffin was added. The dextrose 
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broth was. also overlayed with paraffin. 
The standard tests were incubated for twenty-four hours, 
i ndi cat~rs added where necessary, and the resul ts recorded. The rapi'd 
tests were incubated in a 37° C water bath for four hours. The urease 
tests were checked after two hours and again after four hours. After 
the incubation period, results of the tests not requiring the addition 
of an indicator were recorded. Positive fermentation tests were indi-
cated by a ye 110\'1 co lor and negati ve tes ts by a purpl e co lor. Gas pro-
duction in the dextrose broth, evidenced by bubbles around the paraffin 
plug, was also noted. Decarboxylase tests gave purple positive 
react ions and ye 11 ovJ nega t i ve react ions. Mot i 1 i ty tes ts were read in 
, 
the standard manner. For the indolepyruvic acid (IPA) and indole tests, 
half of the tr'yptophan broth (0.5 m1) was transferred to a second clean 
test tube. To one tube 0.2 ml of Kovacs reagent was added to test for 
; ndol e product ion., A posi ti ve test vJas i ndi cated by the appearance of 
a red color in th2 amyl alcohol layer. Yello\~ indicated a negative .. 
test .. Three drops of a ten per cent ferric' chloride solution in" fifty 
per cent hydrochloric acid 'IJere added to the second tube. Development 
of an orange color in five to ten minutes indicated a positive IPA test. 
A negative reaction was indicated by a yellow color. Addition of three 
drops of a ten per cent ferric chloride solution in water to the phenyl-
alanine broth produced a green, almost black, color for positive tests. 
Again~ a yellow color indicated a negative test~ After the results for 
standard and rapid tests for all isolates had been recorded, test iso-
lates were grouped according to stock cultu~e numbers and their respec-
tive results were consolidated. Rapid and standard test results were 
compared to determine the accuracy of the rapid tests. 
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Results 
Table 6 lists the results of the rapid tests for each of the 
species studied. Results of the respective control tests are also 
listed for comparison. Table 7 compares the rapid and control tests. 
All five isolates of Enterobacter gave false negative lactose 
reactions with rapid testing, while the remaining ninety-five isolates 
gave rapid results in agreement with the standard control test results. 
In the rapid lysine decarboxylase test, only two false negative 
reactions for Alkalescens-Dispar group and one false positive for 
Pro t e u s ~~{!]:..g a n_~l. \'Je (' e note d . Wit h the ex c e p t ion 0 f f 0 uri sol ate S 0 f 
Salmonella ~t~a~Dhi A, the unplugged rapid ornithine decarboxylase 
test results were in complete agreement with the paraffin plugged t~/enty­
four hour test results. Many erroneous negative reactions were noted 
in the rapi d ut"'ease tes t empl oyi ng the urease tes t broth of Rus ti gi an 
and Stuart, while.the urease test broth utilizing the urea agar base of 
Christensen gave results completely consistent with the controls. Urease 
tests ~sing the urea agar base gave the same results after two and after 
four hours incubation. Several false negative and. weak positive re-
actions "Jere noted in the IPA test, probably due to the difficulty of 
differentiating between the off-yellow negative reaction and the light 
orange positive reaction. The positive and negative reactions for the 
rapid phenylalanine test demonstrated a clear-cut difference, and 
results were the saMe as those obtained with the controls using phenyl-
alanine deaminase agar. For the indole rapid test, a positive reaction . 
was more readily discernible than that of the SIM control. All five 
isolates of Providence gave positive rapid indole results while the SIM 
controls were negative for indole production. These five isolates were 
TABLE 6 
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Escherichia coli (aerogenic) 5 5 5 5 5 5 5 5 000 000 5 5 4 5 5 5 
Kl ebs iel1a 5 5 5 5 o 2 d 0 o 0 0 000 o 0 o 0 5 5 
Enterobacter B o 5 5 5 5 5 5 5 000 000 o 0 1 5 5 5 
Serratia o 0 5 5 5 5 o 5 o 0 a 000 00 o 5 5 5 
Alkalescens-Dispar o 0 3 5 a 0 o 0 o 0 a 000 5 5 o 0 5 5 
Citrobacter o 0 o 0 o 0 o a o a 0 000 o a a 5 5 5 
Arizona (lactose positive) 5 5 5 5 o 0 o 0 o 0 0 000 5 5 1 5 5 5 
Arizona (lactose negative) o 0 5 5 5 5 2 5 o 0 0 a a 0 o 0 5 5 5 5 
Salmonella paratyphi A o 0 o 0 1 5 o 5 o 0 0 000 o 0 o 0 5 5 
Salmonella typhi o 0 5 5 a 0 o 0 o a a 000 o 0 5 5 5 5 
NOTES: Results are reported as the number of positive tests observed; five isolates were tested for all 
species; R--rapid test; C--control test. 
Gas production in dextrose ;s not given in this table. One-third of the isolates positive for w 
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COMPARISON OF RAPID AND CONTROL TESTS 
Rapid Control 
Lactose 15 20 
Lysine 44 45 
Ornithine 41 45 
Urea Broth 10 20 
Urea Agar Base 20 20 
IPA 18 25 




Motility 25 65 
Dextrose 100 100 
NOTE~ Results are reported as the number of positive 




then inocUlated to standard tryptophan broth and incubated for twenty-
four hours. This time the results were positive, and these are the 
positive control results listed for Providence in Table 6. Results of 
the rapid and control dextrose fermentation tests were identical; how-
ever, interpretation of gas production in the rapid test was found to 
be frequently unreliable. There were marked differences between the 
motility tests incubated for four hours and those incubated for twenty-
four hours. 
The significance of these rapid test results as applied to 
the differentiation of the Enterobacteriaceae and the significance of 




SALT TOLERANCE TESTING 
Materials and Methods 
This portion of the study.was designed to determine if suf-
ficient differences exist in sodium chloride tolerance among the 
Enterobacteriaceae, differences which might be used as a means of 
identifying the various species. 
. Nutrient Broth (BBL) was prepared and put in screw cap tubes 
in nine ml volumes. This medium was used for obtaining the growth and 
preparing the necessary serial dilutions to inoculate the salt agars. 
The salt agars were prepared using Nutrient Agar (BBL) with the 
addition of Sodium' Chloride (Mallinckrodt) to obtain the following per-
centage concentrations: 0.5, 1 .0, 2.0, 4.0, 6.0, 8.0, and 10.0. These 
salt media were dispensed ;n twelve ml volumes to 16x125 mm tubes. The 
tubes were capped and sterilized by autoclaving. The media were allowed 
to solidify, and they were remelted just prior to inoculation. 
Twenty-four hour nutrient broth cultures of Escherichia coli, 
of Salmonella typhi, and of Shigella sonnei were prepared. Each was 
measured for percentage transmittance using a Spectronic-20,(model 2) 
spectrophotometer (Bausch & ,Lomb) at a wave length of 550 mp. The 
average of their individual percentage t,ransmittance was 81.5. The 
average colony count done in duplicate was 200, using a dilution of 
10-6. Equal volumes of each culture were also mixed and were found to 
have a percentage T of 81.3. The colony count for the mixed culture 
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was 178 .. To provide inocula with comparable bacterial concentrations) 
all twenty-four hour cultures were first adjusted to eighty-two per 
cent T using sterile nutrient broth as the diluent. This adjustment 
was done prior to making the serial dilutions. Tenfold serial dilutions 
were made through 10-7. As needed, the salt agars were melted in an 
autoclave. 1he me1ted agar ~as then placed in a 60° C water bath. The 
tubes to be inoculated were transferred to a 45° C water bath and 
allowed to reach that temperature just prior to inoculation. The tubes 
were inoculated with 0.1 ml of the appropriate dilution, rotated to mix, 
and emptied into sterile petri dishes. The petri dishes were rotated 
several times in opposite directions to enSUt~e an even dispersion of 
, 
the inoculum. After the medium had solidified, each plate was inverted 
and incubated· at 37° C for twenty-four hours. Plates were then checked 
for growth. Those plates containing 30 to 300 colonies were subjected 
to a colony count. Presence or abs~nce of growth and the count, where 
applicable, were recorded. 
Since this type of study had not been done previously for 
most of the species to be tested, a pilot study using one isolate of 
each organism was performed. Assuming that there would be some inhi-
bition as the salt concentration increased, the one isolate of each 
organism was inoculated into the salt agars using a bacterial suspension 
of increasing concentration for increasing salt concentrations. Salt 
concentrations of 0.5,1.0,2.0,4.0,6.0,8.0, and 10.0 per cent were 
used with dilutions ranging from 100 to 10-7. The inoculation pattern 
of salt concentrations and dilutions used for Escherichia coli in this 
pilot study are given in Fig. 1. Based on the results obtained, the 
inoculation schema for each organism was revised where necessary. The 
Dilution log 
o -1 -2 -3 -4 -5 -6 -7 
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Figure 1.--Salt concentrations and dilutions (X) 
inoculated \vith Escherichia coli for the initial pilot study. 
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study \vas·continued using three isolates of each organism, inoculating 
according to the revised schema. The results of this study served as 
the basis for the investigation of the salt tolerance of the Enterobac-
teriaceae. 
The same 100 test isolates indicated in the previous chapter, 
identified by number only, were used for the salt tolerance'study. 
This gave five replicates for each organism. Each test isolate was 
inoculated in triplicate according to the pattern outlined in Fig. 2. 
With one modification, the inoculation technique used in the pilot study 
was used again. Since the 100 dilution required the addition of 1 .0 ml 
of inoculum, 1.0 rnl was also used for the 10-3 dilution so that the 
slight decrease in salt concentration caused by the addition of "one ml 
of inoculum would be comparable for both dilutions. The salt agar con-
taining 0.5 per cent sodium chloride was inoculated with 0.1 ml of the 
10-5 dilution. Plates were incubated for twenty-four hours and were 
then checked for growth. The 0.5 per cent sodium chloride plates served 
as controls. The colonies on these plates were also counted to "deter-
mine the concentration of the undiluted inoculum .. Growth in the re-
maining salt agars was recorded as follows: M, indicating massive; r~F~ 
indicating massive but with fine distinct colonies; TN, too numerous to 
count; TF, too fine to count (TF plates also had fewer colonies than TN 
plates); and NG, no growth evident. One-tenth ml of a 10-5 dilution of 
Staphyloc_occus aureus was inoculated in triplicate to each salt agar to 
serve as a positive growth control. 
When the results for all test isolates had been recorded, the 
test isolates were grouped according to the stock culture numbers. The 
results were then combined and compared. 
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Results 
The data obtained in the pilot study using three isolates of 
each organism are reported in Table 8. These results indicate that salt 
concentrations of 1.0 and 2.0 per cent did not significantly affect the 
growth of the species tested. A sodium chloride concentration of 10.0 
per cent inoculated with a 10-1 dilution was found to be co~plete'y 
inhibitory for all organisms within a twenty-four hour incubation 
period. There were noticeable variations in tolerance observed for 
sodium chloride concentrations of 4.0, 6.0~ and 8.0 per cent. Salmo-
nella paratyphi A and Salmonella typhi were found to be the least tol-
erant while Proteus mirabilis was the most tolerant. In general, the 
results for most organisms were not comparable since the varying de-
grees of tolerance were at different dilutions as well as at different 
salt concentrations. 
The final salt tolerance t"esting as previously outlined gave 
a workable basis for comparison. These results are listed in Table 9. 
By comparing the growth of each organism at the same dilutions for each 
salt concentration, it was possible to separate them into three groups. 
\ 
The Group I organisms~ as listed in Table 9, were found to have no 
apparent sensit-ivity to 4.0 per cent sodium chloride for the dilutions 
tested; at 6.0 per cent sodium chloride there was a marked sensitivity~ 
Group II organisms were found to tolerate 6.0 per cent sodium chloride 
but not 8.0 per cent. Those organisms found in Group III demonstrated 
some degree of tolerance to 8.0 per cent salt. Proteus mirabilis was 
able-to grow well at all sodium chloride cdncentrations used. A more 
sensitive differentiation can be made on the basis of that salt concen-
tration at which complete inhibition is first observed. This division 
TABLE 8 
PILOT STUDY: SALT TOLERANCE TESTING 
Dilution log -6 -5 -2 -1 
% Sodium chlot"ide 0.5 1 . 0 2.0 4.0 6.0 8.0 1 0.0 
Salmonella paratyphi A 140 85 35 NG NG NG NG 
Salmonella typh; 95 60 35 NG NG NG NG 
Proteus morgani i 140 160 . 95 140 NG NG NG 
Citrobacter 90 35 30 180 NG NG NG 
Providence 100 105 105 NG NG NG NG 
Arizona 100 100 50 100 NG NG NG 
Salmonella paratyphi B 100 80 95 l500a NG NG NG 
Enterobacter B 100 70 120 330a NG NG NG 
Proteus rettgeri 120 90 100 TFa TFb NG NG 
Esc'herichia coli 115 90 65 550a 130c NG NG 
Klebsiella 85 85 80 400a 110c NG NG 
Serratia 150 120 130 1200a TNb NG NG 
Proteus vul gar; s ' BOd d d 170 TFb NG NG 
Proteus mirabilis 170 160 150 1100a TNb TN NG 
aThese values were obtained at a 10-6 dilution; counts were converted to 10-5 values. 
bThese values were obtained at a 10-4 dilution. 
cThese values were obtained at a 10-5 dilution. 
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RESULTS OF SODIUM CHLORIDE TOLERANCE TESTING 
% Sodium chloride 0.5 
Di]ution Jog -6 
Salmonella paratyphi A 100 
Shigella. dysenteriae . 67 
Salmonella typhi 90 
Shigella flexneri 39 
Shigella sonnei 66 
Shigella boydii 36 
Proteus morganii 80 
Citrobacter 73 
Providence 76 
Proteus vulgaris 58 
Arizona (strain 1) 97 
Salmonella paratyphi B 136 
Enterobacter B 100 
A1ka1escens-Dispar 90 
. Proteus rettgeri 100 
Escherichia coli 93 
Klebsiella 68 
Serratia 119 
Arizona (strain 2) 100 





































































NOTE: Average colony counts listed at 0.5 per cent sodium chloride; 
l--massive growth; 2-- massive growth with fine distinct colonies; 
3--too numerous to count; 4--too fine to count; 5--no growth apparent. 
TABLE 10 
LEVELS OF COMPLETE INHIBITION BY SODIUM CHLORIDE 





No Inhibition Observed 
Organism 


















Arizona (strain 2) 
Proteus mirabilis 
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RANKING BY SALT TOLERANCE GROVlTH NUr~BERS 
. Organism Growth Number 







• • • • • • • • • • • • • • • • • • • 4 • • • 
. . . . . . . . . . . . . . . . . . . . . . 
. . . . . . . . . . . . . . . . . . . . . . . . 
Citrobacter • • • • • • • • • • • * • • • • • • • • • • • • • • • • 
Providence . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Proteus vulgaris 
Arizona (strain 1) . . . . ~ -. . . . . . . . . . . . . . . 
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NOTE: These figures were derived by averaging 




of the organisms based on complete inhibition level is shown in Table 10. 
In addition, a numerical value vias assigned to each type of growth (e.g., 
M, which indicates massive growth, was assigned a numerical value of 1). 
The values for each organism were then totaled to give a "growth num-
b it er . 
aged. 
Growth numbers for the five isolates of each organism were aver-
The twenty organisms are listed according to gro\A!th number in 
Table 11 to show their relative salt toleran2e. The five isolates of 
each organis~ were relatively consistent in their salt tolerances. The 
only exception was Proteus vulgaris which demonstrated a variable salt 
to 1 e)~a nee. 
Differences were also noted in the swarming pattern given by 
, 
Proteus vulgaris on 4.0 per cent sodium chloride agar. Proteus mir-
abili~ gave the typical appearance of a large circle of growth around 
the colony center, while Proteus vulgaris exhibited a branched swarming 
away from the colony center. 
Colony counts for all test isolates on 0.5 per cent sodium 
chlorige were comparable. The sterility checks for each batch of media 
prepared demonstrated no growth. Colony counts on. all sodium chloride 
concentrations inoculated with a 10-6 dilution of Staphylococcus aureus 
averaged thirty-three with a range of twenty. This indicated that a 
halophile could grow on the test medium without inhibition. 
The significance of the various aspects of the salt tolerance 
study is discussed in Chapter V. 
CHAPTER V 
DISCUSSION 
The purpose of the initial evaluation was twofold. First, 
commercially available rapid tests were evaluated to determine if the 
inoculation procedures could be simplified and to determine those rapid 
tests for which more effective substitute tests had to be devised. 
Second, the identity of each of the stock cultures was confirmed and 
organis~s which gave typical reactions for the given species were chosen 
for use in the studies to follow. 
The PathoTec-VP test was found to have a high degree of cor-
relation with the standard control tests. For this reason, it was de-
cided to employ th~s rapid test with a slightlj modified inoculation 
procedure rather than design a new test. 
The Citrate test is one of the tests used to differentiate 
Escherichia coli from the Klebsiella-Enterobacter group. In the eval-
uation of the PathoTec-C (citrate) test strip, most te~t isolates'of 
Escherichia coli gave positive reactions while the control tests were 
typically negative. It was felt that this test could not be employed 
;n a rapid test system. Since previous attempts, not included in this 
study, failed to give a workable rapid citrate test using modified 
standard media, other substitute tests were used where needed. 
Although members of the Klebsiel1a-Enterobacter group can 
give weak or delayed positive urease reactions when tested by standard 
methods, several isolates of Klebsiella and genera other than Proteus 
were found to give positive results in two hours using the reagent-
impregnated strip test. In addition, several of the Proteus isolates 
failed to give positive results. For this reason, a new rapid urease 
test was designed. 
The rapid strip tests for Lysine Decarboxylase and Phenyl-
alanine Deaminase also gave erroneous reactions in areas where the 
reactions were critical in identifying a given species. Most of the 
difficulty VIas in interpreting the color reactions. The standard LD 
test gives a negative reaction for those organisms which ferment glu-
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case and which do not decarboxylate lysine. The PathoTec-LD test gives 
a negative reaction for those organisms which do not decarboxylate 
lysine~ or which do decarboxylate lysine but also ferment lactose. 
Arizona is differentiated from Citrobacter on the basis of the lysine 
decarboxylase test; the former is positive while the latter is negative. 
Most strains of Arizona are lactose positive aDd would therefore give 
false negative reactions. For this reasons a new LD test was devised. 
Due to erroneous reactions with the PO test, a new phenylalanine de-
aminase test was also devised. 
Testing for the ability to deaminate tryptophan is comparable 
to testing for the deamination of phenylalanine. Only members of the 
Proteus-Providence group "give positive reactions for both tests. Those 
results obtained using the tablet substrate rapid test were difficult 
to interpret since the colors indicative of a negative test (off-yellow) 
and positive test (shades of orange) were difficult to distinguish. The . 
tablet substrate indole test uses the same "tablet. Although the rapid 
-
indole results were completely consistent with the control tests, it was 
decided to devise a new rapid test for indole production as well as 
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indolepyruvic acid· production (tryptophan deaminase) since the same 
medium .is employed for both. In addition to poor results, there ltJas a 
,considerable variation in the incubation times for the conmercial rapid 
tests as well as variation in the inoculation procedures. 
The rapid system, devised and tested in this study, uses the 
same incubation time and inoculation procedure for all test~. The only 
exception is that for the PathoTec-VP test 0.3 ml of inoculum as recom-
mended by the manufacturer is used instead of the 0.5 ml used for the 
other tests. An additional advantage of this new system is that, with 
the exception of the PathoTec-VP test, all of the media and reagents 
employed are those routinely used for standard testing in a Microbiology 
1 abora t6ry . 
The .efficiency of this rapid test system is illustrated in 
Fig. 3, which shows a comparison between identification using the rapid 
test system and id~ntification using' standard methods. 'In the identi-
fication of the Enterobacteriaceae using the illustrated rapid test 
system~ a KIA and a TSA slant are inoculated from the isolation medium. 
The TSA serves as the source of inoculum for the rapid tests while the 
KIA reaction allows for primary grduping of the test organisms. 
Fig. 4 illustrates the differentiation of those Enterobac-
teriaceae giving the KIA reaction: Acid/Acids (gas). Also given are 
the rapid and control test results for those tests employed in this 
differentiation. Although several discrepancies exist between the 
rapid and control Ornithine Decarboxylase tests, not one was noted for 
Klebsiella and Enterobacter for which ornithine decarboxylation is a 
key test. The Citrate test is commonly used for differentiating 
Es~he~ichia coli from the Klebsiella-Enterobacter group; however, the 
1st day 2nd day ". 3rd (-4th) day TOTAL TIME 
24-48 hrs incubation 
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combination of the Indole and V-P tests is used for this purpose in the 
rapid test system. This pair of tests gives a more accurate identifi-
cation t~an the Citrate test alone. 
The differentiation of Arizona and C;trobacter, having a KIA: 
Acid/Acid, (gas), H2S, is illustrated in Fig. 5. Although there were 
several erroneous reactions for the rapid Lysine Decarboxylase test, 
Arizona and fitrobacter gave results in complete agreement with the 
control tests. 
Those organisms giving a KIA of Alkaline/Acid, (gas) can be 
differentiated according to the outline illustrated in Fig. 6. The 
IPA test was not found to be suitable for the identification of the 
Proteus-'Providence_ group. The difficulty with this test using tryp-
tophan broth i.s the same as that using the tablet substrate. Inter-
pretation of tha color reaction is difficult. The rap1d Phenylalanine 
Deaminase test devised for this study gave res~lts easier to interpret 
and in complete agreement with the control test results. The Urease 
test broth employing a solution of urea agar base is the recommended 
rapid test since results for this test broth were in complete agreement 
with the controls. The Urease test using the urea broth of Rustigian 
and Stuart failed to give positive results for all isolates of Proteus 
rettgeri~ Failure was probably because of the high concentration of 
buffer. The Ornithine Decarboxylase test effectively replaces the 
Citrate test for the differentiation of Proteus rettgeri and Proteus 
morganii. The rapid test system does not allow for complete and 
accurate differentiation of Escherichia coli (lactose negative), 
Alkalescens-Dispar, Salmonella, and Shigella. However,· specific typing 
sera,' routinely used in many laboratories, are available for the 
Citrobacter, Arizona 




Arizona 10 10 
Citrobacter 0 0 
All organisms + 44 45 
56 55 
Figure 5.--0ifferentiation of Entero-




Providence, P. rettgeri) P. morganii, Serratia, Escherichia coli, Alkalescens-Dispar, Shigella, 
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identification of Alkalescens-Dispar, Salmonella~ and Shigella. 
Fig. 7 illustrates the differentiation of those Enterobacter-
iaceae which give the KIA: Alkaline/Acid, (gas), H2S. Use of the IPA 
test with organisms in this group was also found to be unsuitable. The 
other rapid tests employed in this schema gave results in complete 
agreement with the controls. The rapid Urease test could b~ substituted 
for the Phenylalanine Deaminase test in this schema. The salmonellae 
can be identified by using specific typing sera. 
Rapid motility testing depen"ded upon the presence of TTe (tri-
phenyltetrazolium chloride) to improve visualization of motility since 
TTC is converted to formazone by actively growing microbial cells and 
the colorless compound is reduced to a red pigment. Although the red 
pigmentation made it much easier to see the motility, many organisms 
were not sufficiently motile to give positive results with only four 
hours incubation~ Formation of gas from glucose was not always apparent 
in the paraffin plugged rapid glucose test .. 
The rapid Glucose and Lactose Fermentation tests were" included 
in this study to determine if these rapid test reactions would be suf-
." 
ficiently accurate to eliminate the need for the KIA. All rapid glucose 
reactions \1ere in agreement with .the controls; however, all test iso-
lates of the strain of Enterobacter failed to give positive rapid lac~ 
tose results while the control tests were positive. Since lactose fer-
mentation is a major test for differentiating Enterobacter and Serratia, 
the results of th'is study indicate that it is not possible at this time· 
to Use rapid glucose and lactose tests as a substitute for the KIA. 
The color reactions of the rapid tests'used for the differ-
entiation schema are illustrated in the Appendix: Plate I, negative 
P. vulgaris, P. mirabilis,'Citrobacter, Arizona, SallTIOnel1a paratyphi B, Salmonella typhi 
Ornit 
P. m; 
Phenyl a 1 an; ne + 
hine + Ornithine -
I b"l" 
I .. 







Ornith ine + 
*Salmonel'a paratyphi B 
Ari zona· 
*i denti fi ab 1 e us i ng speci fie typ; ng sera ____ _ _ _ ____ _ 
IPA Phenylalanine Lysine Ornithine 
R· R C R C R C 
P. vulgaris 5 5 5 0 0 0 0 
P. mirabilis 2 5 5 0 0 5 5 
Salmonella paratyphi B 0 0 0 5 5 5 5 
Salmonella typhi 0 0 0 5 5 0 0 
Figure 7.--Differentiatiory of Enterobacteriaceae giving the KIA: Alkaline/Acid, (gas), H2S. 
U1 
0'\ 
-reactions; Plate II, positive reactions. Also illustrated in the 
Appendix are the PathoTec-VP and the new rapid test reactions for the 
lysine decarboxylase, phenylalanine deaminase, and urease tests. The 
PathoTec reactions for these tests are included for comparison. 
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The rapid test system employing modified media and reagents 
(Urease, Phenylalanine Deaminase! Lysine Decarboxylase, Ornithine 
Decarboxylase, and Indole Production), including the PathoTec-VP test, 
provides a highly effective and efficient procedure for the differen-
tiation of the Enterobacteriaceae~ This study demonstrated that known 
organisms could give accurate reproducible results for the key bio-
chemical test reactions within four hours. 
Qualitative studies of the effects of sodium chloride on the 
growth of various bacterial species indicated that members of the 
Enterobacteriaceae are completely inhibited at salt concentrations 
exceeding 10.0 per cent. A lack of added sodium chloride is known to 
cause no appreciable effect on the growth of most organisms~ including 
the Enterobacteriaceae. This is indicated by the fact that Nutrient 
Broth and Nutrient Agar, containing no added sodium chloride, are recom-
mended for the enumeration of most bacterial species. Therefore, the 
range of salt concentrations chosen for this study was from 0.5 per cent 
sodium chloride (the concentration used in most media containing this 
salt) to'10.0 per cent (a concentration known to be highly inhibitory 
to most Enterobacteriaceae). 
All broth cultures were me~sur~d turbidometrical1y and adjusted 
to eighty-two per cent transmittance, prior to making the serial 
. dilutions. This gave an undiluted inoculum concentration for all 
organisms whi~h would yield countable plates, containing 30 to 300 
58 
-colonies per ml~ at a 10-6 dilution. One isolate of each test organism 
was inoculated, using several dilutions, to the salt agars to determine 
a general range of salt tolerance. 
After revision of the inoculation procedure based on the 
results obtained~ a more extensive study was performed to determine 
whether a percentage inhibition could be computed by comparing colony 
counts at 0.5 per cent sodium chloride with counts at the other sodium 
chloride concentrations. Although there were some decreases in viable 
colonies for some isolates at 1.0 and 2.0 per cent sodium chloride, 
these differences were neither significant nor consistent enough to be 
of value in differentiating the Enterobacteriaceae. One obvious draw-
back to the system was that the first significant percentage inhibition 
was found at that salt concentration which gave a countable plate at the 
10-5 dilution. This represents a ninety per cent inhibition. 
Decreasing one order of magn;tude~ to a plate countable at 10-4 , gives 
a nfnety-nine per cent inhibition. Differences in salt tolerance among 
the species tested were, for the most part, located in the range of 99 
to 99.99 per cent inhibition, a level at" which the significance of the 
data becomes questionable. Another difficulty which became apparent as 
a result of this pilot study was that counts were not always obtainable. 
At a given dilution, isolates were found which gave growth ranging from 
massive to too fine to count. At the next higher dilution, these same 
isolates were completely inhi'bited. 'Therefore, the determination of an 
actual percentage inhi~ition was not always possible. Although it was 
possible to determine a dilution and salt concentration 'at which growth 
--
was completely inhibited, the dilution-salt concentration at which this 
occured varied sufficiently for the organisms tested to make comparisons 
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-questionable. 
The method of testing had to be changed to permit valid com-
parisons to be made. Since most variation and inhibition occured at 
4.0~ 6.0~ and 8.0 per cent sodium chloride, these concentrations were 
used for this portion of the study_ Dilutions of 100 and 10-3 were 
chosen for the same reason. The 0.5 per cent salt agar was inoculated 
with a 10-6 dilution for each test isolate to confirm that the bacterial 
concentrations were comparable,and to serve as positive growth con-
trols. For the actual evaluation, each isolate was inoculated to three 
salt agars in concentrations of 100 and 10-3 as illustrated in Fig. 2 
in Chapter IV. The amount of growth at the given dilutions and salt 
concentrations indicated a significant and reproducible level at which 
inhibition occured. Most of the pathogenic species tested were found 
to be extremely sensitive to salt, while the more common saprophytes 
were generally more tolerant. Definite levels of inhibition were found 
which served as a basis for listing the members of the Enterobacteri-
acea~ according to sodium chloride tolerance. Growth causing the plate 
to become opaque was called massive growth., This massive growth, 
illustrated in Plate VII in the Ap~endix, was assigned a numerical value 
of one; massive fine growth was given a value of 2; growth too numerous 
to count, Plate VIII in the Appendix, was given a value of 3; too fine' 
to ·count, 4; and no growth observable, Plate IX, 5. The assignment of 
these numerical values to the types bf growth observed allowed for 
ranking of the species ,tested. 
The relationships established as a result of this study 
( 
provide a new physiological characteristic fo~ the classification of 
the Enterobacteriaceae. 
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At the present time, it would not be possible to incorporate 
salt tolerance testing into the rapid test system demonstrated in this 
study since the techniques required are as time consuming as the 
standard biochemical tests. 
\ 
SUMMARY 
Comnercially available rapid biochemical tests, for the dif-
ferentiation of the Enterobacteriaceae, were tested to determine if the 
method of inoculation could be simplified and if they were accurate. 
Tests from the PathoTec Reagent Systems and tablet substrate tests for 
IPA and Indole, prepared by Key Scientific Products Company, were 
evaluated. The PathoTec-VP test was found to be accurate and easy to 
use. 
Standard test media were then modified and a simple inocu-
lation procedure developed to pr?duce rapid four hour tests: Lactose, 
Glucose, lysine Decarboxylase, Ornithine Decarboxylase, Phenylalanine 
Deaminase, Urease, and Indole. This test system was evaluated using 
multiple lsolates, 100 in all, of representative Enterobacteriaceae and 
was found to be highly efficient and effective. Most Enterobacteriaceae 
were .identifiable within four hours after obtaining KIA results. 
\ 
~ 
Testing for sodium chloride tolerance by the Enterobacter~ 
iaceae resulted in the establishment of a new physiological character-
istic for the classification of these organisms. Because of the com-
plexity of the salt tolerance test system, its inclusion in the rapid 
test system is not possible. 
' . 









Negative Rapid Test Reactions 
Positive Rapid Test Reactions 
PathoTec-VP Reacti,ons 
PathoTec and Rapid Lysine Reactions 
PathoTec and Rapid Phenylalanine Reactions 
PathoTec and Rapid Urease Reactions 
Pour Plate: Massive Growth 
PLATE VIII Pour Plate: Growth Too Numerous to Count 
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Pour Plate: No Growth Observable, 




























































































































From left to right: Positive and negative rapid Lysine; 




From left to right: Negative and positive PathoTec-PD; 
negative and positive rapid Phenylalanine 
'" '-J 
PLATE VI 
From left to right: Negative PathoTec-U ~nd rapid Urease; 




PLATE VII · -..... 
Pour plate: opaque due to massive growth 
PLATE VIII 
Pour plate: growth too numerous to count 
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PLATE -.IX 
Pour plate: no growth observable 
PLATE X 
Countable pour plate: 94 col onies 
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